Introduction
There is a growing body of evidence indicating that the stratospheric polar vortex is implicated in some of the interannual and secular variability of climate at the earth's surface. Baldwin et al. [1994] , Perlwitz and Graf [1995] , Cheng and Dunkerton [1995] , and Kitoh et al. [1996] have all documented the existence of coupling between the strength of the nearly zonally symmetric polar night jet at the 50-hPa level and a more wavelike pattern reminiscent of the North Atlantic Oscillation (NAO)at the 500-hPa level. Hurrell [1995] has shown that the NAO modulates wintertime surface air temperature (SAT) over much of Eurasia: negative sea-level pressure (SLP) anomalies over Iceland and enhanced westerlies across the North Atlantic at 50øN (i.e., the positive polarity of the NAO) are associated with positive SAT anomalies extending from Great Britain and Scandinavia far into Siberia. Hurrell [1996] went on to demonstrate that the upward trend in the NAO during the past 30 years accounts for much of the warming in SAT averaged over the domain poleward of 20øN. Kodera and Yamazaki [1994] , Graf et al. [1995] , and Kodera and Koide [1997] have suggested the possibility of a dynamical linkage between the recent wintertime warming over Eurasia and a strengthening of the polar night jet and Robock and Mao [1992] , Graf et al. [1994] , and Kodera [1994] have invoked similar linkages to explain the observed positive SAT anomalies over Eurasia during the winters following major volcanic eruptions. In this short contribution we will offer our own analysis and interpretation of these relationships based on the datasets listed in Table 1 .
Results
In this section we construct a three-dimensional picture of the primary mode of wintertime variability over the Northern Hemisphere working from the ground up. The primary field Copyright 1998 by the American Geophysical Union.
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0094-8534/98/98GL-00950505.00 variable in the analysis is SLP (p), expressed in terms of the equivalent height of the 1000-hPa surface (Z•000) above sealevel using the approximate relation Z•000 = 8(/9-1000) where Z•000 is expressed in meters and p in hPa.
As the reference variable we use the leading principal component of the wintertime (November-April) monthly mean SLP anomaly field over the domain poleward of 20øN, which accounts for 22% of the variance and is well separated from the other eigenvalues as per the criterion of North et al. [ 1982] . The associated loading vector or empirical orthogonal function (EOF)is shown in the lower right panel of Fig. 1 . First identified by Lorenz [1951] in zonally averaged SLP data and subsequently by Kutzbach [1970] , Wallace and Gutzler [1981] , and Trenberth and Paolino [1981] in gridded data, this mode involves a seesaw between the Arctic basin and parts of the surrounding zonal ring. It is a robust pattern that dominates both the intraseasonal (month-to-month) and the interannual variability throughout the entire 98-year SLP record, as documented in Fig. 2 . In seasonally averaged data for the past 30 years the Pacific center of action is partially obscured by interdecadal trends (discussed later). However this feature can be recovered by removing the linear trend from the data at each gridpoint before performing the EOF analysis (Fig. 2, right Despite this discrepancy, the spatial correlation between the SLP trend and the EOF in Fig. 1 is 0 .77. The observed wintertime warming over Eurasia and the cooling over Labrador [IPCC, 1995] , the persistent cyclonic surface wind anomalies over the Beaufort Gyre [Walsh, 1996] , the increasing prevalence of the high index phase of the NAO [Hurrell, 1995] The strengthening of the polar vortex over the past 30 years, unrelated to any known tropospheric forcing, has led to speculation that anthropogenically induced temperature changes at stratospheric levels might somehow be responsible. Mindful of the numerous unsuccessful attempts to establish a dynamical basis for "downward control" of the tropospheric circulation, we are not convinced that the trends originate in the stratosphere. Nevertheless, it is of interest to consider the ways in which such a "top down" linkage could conceivably operate. Kodera and Yamazaki [1994] and Perlwitz and Graf [1995] have hypothesized that the SAT anomalies over Eurasia and Labrador are induced by an anomalous mid-tropospheric planetary-wave pattern which develops in response to the intensification of the stratospheric polar vortex. Here we offer an alternative interpretation motivated by the threedimensional modal structure depicted in Fig. 1, which is the only such mode that exhibits nearly constant energy density at levels ranging from the surface to the middle stratosphere. We hypothesize that strong coupling between troposphere and stratosphere is intrinsic to the dynamics of the zonally symmetric polar vortex; i.e., that under certain conditions, dynamical processes at stratospheric levels can affect the strength of the polar vortex all the way down to the earth's surface through the combined effects of an induced, thermally indirect mean meridional circulation analogous to the Ferrell cell and induced changes. in the poleward eddy fluxes of zonal momentum at intermediate levels.
We further speculate that the tropospheric signature of these induced fluctuations would be zonally symmetric were it not for the existence of land-sea contrasts. A stronger zonal flow If the observed trends are anthropogenically induced, it remains to be to determined whether they are of stratospheric origin (a response to radiatively induced temperature changes due to greenhouse gases, as argued by Perlwitz and Graf [1995] , or to CFC-induced ozone depletion) or whether they represent an unanticipated deep barotropic response of the polar vortex to greenhouse warming in the troposphere.
